The jellies constitute an important alternative for the processing of fruits, adding greater economic and nutritional value. The objective of this study was to evaluate the effects of different concentrations of pulp, sugar and maltodextrin on the physical-chemical and textural characteristics of kiwifruit jelly with lemon grass tea. Factorial design 2 3 was used with 3 replicates at the central point, resulting in 11 experiments with variation of sugar percentages (30, 40 and 50%), pulp (50, 60 and 70%) and maltodextrin (5, 10 and 15%). Water content, moisture content, total soluble solids (TSS), total titratable acidity (TTA), ashes, pH, reducing sugars, non-sugars were evaluated for the following physico-chemical parameters: reducers, total sugars, lipids and vitamin C. Regarding the texture profile, the following parameters were evaluated: hardness, cohesiveness, chewing, gummy and adhesiveness. It was found that among the analyzed variables, the ones that were considered as significant and/or predictive according to ANOVA and the F test were: (moisture, total solids, carbohydrates and vitamin C), through the graphs of the surfaces of responses observed that the percentage of pulp and maltodextrin used was proportional to the increase in moisture content, vitamin C, total solids and carbohydrates. The G2 experiment presented the lowest values of moisture and water activity, and higher carbohydrate contents, total solids and cohesiveness, in which it was formulated with the sugar concentration (-1) and pulp and maltodextrin (+1). The development of kiwi jelly with lemon grass tea is an excellent alternative for the use of the raw material, since it is a product with high nutritional value, stability during storage and potential for consumer acceptance.
and greater stability. The final product must have a semi-solid consistency and be packaged in a way to guarantee its perfect preservation (Oliveira et al., 2014; Garrido et al., 2015; Sousa et al., 2015; .
During the process of producing jellies, the heat treatment is applied until the desired solids content is reached by evaporation of the water. The concentration of the mixture enables the reduction of water activity, allowing greater microbiological stability to the product and reduction of the microbial load, which allows the increase of the shelf life. In addition to microbiological safety, other aspects of quality in the production of jellies, such as color, texture and physical and chemical parameters that may be affected during storage, should be considered, making it necessary to study the chemical and physical stability of new food products to optimize the process and obtain a product that is well accepted in the market and safe for the consumer (Oliveira et al., 2014) .
Maltodextrin is a type of complex carbohydrate, classified as an oligosaccharide with a high glycemic index, low osmotic value and neutral taste, besides being highly soluble in water and easily absorbed by the body. For athletes, the ingestion of maltodextrin before, during and after exercise is very common because its consumption is associated with the rapid and significant increase in glycemia in healthy individuals, providing maintenance of blood glucose levels and avoiding a decrease in performance during the exercise associated with hypoglycemia, in addition to helping to increase muscle glycogen stores during intense and prolonged exercises (Cardoso et al., 2017) .
In the food industry, maltodextrin is used in the production of various products and more recurringly it is used as adjuvant in the convective drying process or in the microencapsulation process in spray dryer drying. Maltodextrin has high emulsification capacity, low cost and gives the product greater stability, retention of volatile compounds and reduction of hygroscopicity (Carmo et al., 2015; Cardoso et al., 2017; Freitas et al., 2019) .
The objective of the present study was to elaborate and evaluate kiwifruit jellies flavored with holy grass tea, checking the influence of the variables (pulp, sugar and maltodextrin) on their physico-chemical and textural properties, development of new products that meet consumer demand.
Material and Methods
For the accomplishment of this research, the fruits of kiwi cv. Hayward (Actinidia deliciosa) and lemon grass (Cymbopogon citratus) were purchased at the local commerce of the municipality of Campina Grande and conducted to the Laboratory of Storage and Processing of Agricultural Products, belonging to the Federal University of Campina Grande, Brazil.
The fruits were selected for uniformity and maturation stage. Initially the fruits were washed in running water and sanitized in sodium hypochlorite solution at 200 ppm for 15 min. Subsequently, the kiwifruit were peeled with a stainless steel knife and processed in a blender to obtain the pulp.
For the preparation of the lemon grass tea, the ratio 1:1 (lemon grass:water) was used, the water after boiling was placed on the lemon grass and allowed to infuse until the mixture cooled. Thereafter, the mixture was sieved and the tea obtained was used in the preparation of the jellies.
Processing of Jellies
The kiwi pulp was mixed with the crystal sugar and the maltodextrin, then the mixture was brought to the open pan cooking under heating with continuous manual stirring. To make gel formation possible in the formulations, 1% pectin with high methoxylation content was used, during cooking the same was added previously dissolved in the holy grass tea and the pH of the mixture was corrected to 3.2 by addition of citric acid.
When the jellies reached solids content higher than 65 °Brix, the cooking process was completed, then they were hot packed in pre-sterilized glass containers (100 °C for 30 min) and stored under refrigeration at 5 °C until the moment of the analyzes.
Physico-Chemical Analysis
The jellies produced were submitted in triplicate, the following physical-chemical analysis: Moisture and total solids in a vacuum oven at 70 °C to constant weight; Ash by muffle incineration; Total protein content was quantified by the Micro-Kjeldahl method, which consisted of the determination of total nitrogen; Total Soluble Solids (SST) in refractometer; Titratable Total Acidity (TTA) determined by titration; Relationship SST/TTA (ratio); pH measured directly in digital potentiometer according to the methodology described by Brazil (2008) ; The lipid content was determined by the method of Bligh and Dyer (1959) ; The total carbohydrate content was calculated by difference to obtain 100% of the total composition (FAO, 2003) ; Water activity (a w ) was determined using the Decagon® Aqualab CX-2T device at 25 °C. Non-reducing sugars (NR), reducing sugars (RS) and total sugars (TA) were determined by the method described by Lane and Eynon (1934) ; the content of ascorbic acid (Vitamin C) was determined according to the methodology proposed by Adolfo Luttz Institute (Brazil, 2008) and the results expressed in mg of ascorbic acid/100 g sample.
Texture Profile
To obtain the parameters of the jelly's instrumental texture profiles, the TPA test in the TAXT Plus Texturometer (Stable Micro Systems) equipped with the ExponentStable Micro Systems software, using the P/36R probe, was used. In the texture profile, the studied TTAributes were firmness, cohesiveness, adhesiveness, guminess and chewing.
Statistic Analyzes
Kiwi jellies were processed using the factorial design method 23 with 3 replicates at the central point, resulting in a matrix with 11 experiments (Table 1) , in order to evaluate the influence of the independent variables (concentrations of sugar, pulp and maltodextrin) on the variables responses (physical-chemical and textural characteristics, as well as the interactions between them). The effect of the independent variables on the dependent variables was evaluated by statistical analysis, using the Statistica® software version 7.0. Table 1 . Planning matrix for the elaboration of kiwifruit jams with sacred grass tea, with their respective independent variables and their actual and codified levels
Note. G1, G2 ... G11: Jelly kiwi with lemon grass tea; (C) Central point. Note.
Results and Discussion
1 Results expressed in mg of ascorbic acid/100 g sample.
The moisture content of kiwifruit jams with lemon grass tea ranged from 32.55 (G2) to 36.79% (G7), lower values of this parameter were observed in the experiments at the lower level (-1) of pulp and maltodextrin. It can also be stated that the values of moisture content obtained are presented according to the quality standard established by the Brazilian legislation (Brazil, 1978) , which indicates that the maximum moisture content for fruit jellies should be lower to 38%. In relation to the water activity (a w ) there was a variation of 0.805 to 0.857, this parameter presented a behavior similar to that observed with respect to the moisture content, in which lower values were observed in samples containing less percentage of pulp.
According to Barros et al. (2019a) , reduced values of moisture content and water activity indicate higher stability of the product during storage and foods that have a moisture content of more than 20% and a higher water activity of 0.60 are subject to deterioration processes caused by molds and yeasts.
Titratable total acidity (TFA) values expressed as citric acid ranged from 0.495 (G2) to 0.862% (G7). These percentages are similar to those observed by Oliveira et al. (2019) in achachairu jellies (0.500 to 0.690%) and by Barros et al. (2019a) in pineapple jellies with cinnamon (0.47 to 0.99% citric acid), the authors stated that although the legislation does not indicate the range of TTA suitable for jellies, values lower than 0.3% or higher than 0.8% may cause loss of elasticity of the jelly due to pectin hydrolysis.
The hydrogenation potential (pH) of the samples varied from 3.47 (G3) to 3.59 (G1), the samples were adequate to Brazilian legislation for fruit products (Brazil, 2005) , which establishes that the maximum limit for this parameter is 4.5. Teles et al. (2017) when developing graviola jelly with pepper obtained pH values close to the present study (3.69 to 3.93), however, Garcia et al. (2017) stated that the ideal pH range for gel formation to occur is 3.0 to 3.2. While for Bolzan and Pereira (2017) , the ideal pH range for gel formation is 3.0 to 3.5.
The jellies presented total soluble solids content (TSS) ranging from 62.67 (G2) to 72.67 °Brix (G10) and are in accordance with the legislation, which establishes a minimum SST content for common 62 °Brix jelly (Brazil, 1978 ) . Values similar to those were obtained by Oliveira et al. (2016) in oat-enriched orange jellies (62 to 66 °Brix). High levels of total soluble solids (TSS) associated to low water content and pH are capable of minimizing the development of microorganisms and may favor the formation of crystallization of sucrose, which is responsible for improving the viscosity and texture of the product (Oliveira et al., 2019; Barros et al., 2019a) .
Journal of Agricultural Science Vol. 11, No. 15; Regarding the Ratio parameter, a variation from 61.91 (G7) to 117.31 (G6) was observed, indicating that the G6 sample has a higher degree of sweetness. For, according to Sousa et al. (2018) , the Ratio parameter is a technological index used to indicate the relationship between SST and TTA of the product and is able to evaluate the taste of the product, also indicating the degree of sweetness.
The content of reducing sugars varied from 21.17 (G11) to 36.31% (G1) and the non-reducing sugars varied from 38.44 (G4) to 46.69% (G1), as expected, the highest values were verified in the samples with the highest percentage of sugar. The total sugars obtained in the present study presented a variation from 61.52 (G11) to 83% of glucose (G1), values higher than that observed by Martins el al. (2015) in mixed jelly of pineapple peel and peach pulp (44.56%).
In relation to the total solids content, a variation from 63.21 (G7) to 67.45% (G2) was observed, values obtained were directly proportional to the percentage of maltodextrin and kiwi pulp used in the formulations, similar values were obtained by Barros et al. (2019b) in blackberry jelly.
Kiwifruit jams with low-salt tea have low protein values (0.20 to 0.25%) and are slightly lower than those observed by in sweet orange jelly (0.58 to 0.62%). The jellies also presented low lipid content (0.17 to 0.37%), being slightly higher than that found by Souza et al. (2015) in blackberry jellies (0.09 to 0.15%).
Regarding the carbohydrate content, a variation of 62.25 to 66.61% was observed, values similar to those observed by Souza et al. (2018) in umbu jelly and mango (67.29 to 70.03%).
As regards ash content, low values (0.29 to 0.40%) were observed, as verified by Oliveira et al. (2019) in achachairu jelly (0.28 to 0.80%). The vitamin C content (ascorbic acid) ranged from 14.04 to 20.46 mg. This parameter was found to correlate with the percentage of sugar and maltodextrin used. These values are similar to those quantified by Azevedo et al. (2018) in manuring jellies (7.40 to 14.19 mg). It can be seen from Table 3 that the firmness parameter presented a variation from 0.216 to 0.263 N, the highest value obtained for the sample (G1). According to Garrido et al. (2015) , firmness is defined as the force required to reach a given deformation, in the context of sensory analysis, represents the force required to compress the food between the molars at the first bite.
With respect to cohesiveness, small variations (0.8404 to 0.8933 N.m) were observed, in which the highest value was verified in sample G5. Besbes et al. (2009) , when evaluating the cohesiveness of the date jelly, obtained values ranging from 0.51 to 0.77 N.m. According to Atallah and Morsy (2017) , this parameter is often discussed in terms of adhesion forces and is responsible for the deformation occurring in the material prior to rupture, indicating its structural integrity.
The samples presented a variation from 0.113 (G3) to 0.302 N.m (G7) in the adhesiveness parameter, values similar to that obtained by Abid et al. (2018) in pomegranate jellies using different types of gelling agents (0.158 to 0.807 N.m). According to Guiné et al. (2015) , adhesiveness is the force required to remove the material adhering to a specific surface and during food intake corresponds to adherence to the lips, mouth and teeth.
The guminess of the jellies varied from 0.189 (G3) to 0.221 N (G1), similar values were observed by in physalis jellies (0.033 to 0.476 N). For Bolzan and Pereira, (2017) , gum is a parameter associated with firmness and cohesiveness, its variation being the reflection of these.
Superior chewability value was obtained in the formulation G1 (0.221 N), similar to that obtained by Curi et al. (2018) in physalis jams with brie cheese (0.08 to 0.58 N). According to chewability is the parameter that represents the energy needed to chew a solid food to the point of ingestion. Therefore, it can be stated that the G1 sample has greater resistance to chewing when compared to the others.
Several factors can be associated with the variation in texture between kiwifruit jams with lemon grass, such as the percentage of raw materials (sugar, kiwi pulp and maltodextrin) and chemical parameters such as pH, acidity and humidity (Curi et al., 2018) . Table 4 shows the analysis of variance (ANOVA) and the F test with 95% confidence only for the variables that were significant and/or predictive (moisture, vitamin C, total solids and carbohydrates) in the processing of kiwi jelly with tea of lemon grass. From the analysis of the results obtained with respect to the parameters of moisture, vitamin C, total solids and carbohydrates, it was verified that the coefficients of determination were superior to 98%, indicating a better fit to the experimental data. For all the studied parameters, the calculated F was superior to the F tabulated for the regression. The inverse occurred for the lack of adjustment, except for the parameter of vitamin C. These data show the statistical significance of the models.
The individual effects of the independent variables (sugar, pulp and maltodextrin) as well as the interaction between them on the response variables (physical, chemical and textural analysis) presented a statistically significant model (Fc ≥ Ftab). It can be verified in the pareto diagrams ( Figure 1 ) the factors that had the greatest influence on the processing of the jelly.
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